A red-pigmented bacterium producing a metallic green sheen, designated strain JC333
A red-pigmented bacterium producing a metallic green sheen, designated strain JC333
T , was isolated from a sand sample collected from Shivrajpur-Kachigad beach, Gujarat, India. Phylogenetic analyses based on the 16S rRNA gene sequence of strain JC333 T showed highest sequence similarity to Zooshikella ganghwensis JC2044 T (99.24 %) and less than 91.94 % similarity with other members of the class Gammaproteobacteria. DNA-DNA hybridizations between JC333 T and Z. ganghwensis JC2044 T showed low relatedness values of 19¡1.3 % (reciprocal 21¡2.2 %). The major respiratory quinone was ubiquinone-9 (Q9) and the polar lipid profile was composed of the major components diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, an unidentified aminophospholipid and an unidentified lipid. The presence of C 16 : 1 v7c/C 16 : 1 v6c, C 16 : 0 , C 18 : 1 v7c and C 12 : 0 as major fatty acids supported the affiliation of strain JC333 T to the genus Zooshikella. Prodigiosin, cycloprodigiosin and eight other prodigiosin analogues were the pigments of JC333 T . Characterization based on 16S rRNA gene sequence analysis, physiological parameters, pigment analysis, ubiquinone, and polar lipid and fatty acid compositions revealed that JC333 T represents a novel species of the genus Zooshikella, for which the name Zooshikella marina sp. nov. is proposed. The type strain is JC333 T (5KCTC 42659 T 5LMG 28823 T ).
The genus Zooshikella, a member of the family Hahellaceae, was proposed by Yi et al. (2003) . At the time of writing, the genus comprises only one species with a validly published name, Zooshikella ganghwensis. Although 'Zooshikella rubidus' S1-1 has been effectively published (Lee et al., 2011) , this species name remains to be validated. In this study, we isolated a strain from a marine beach sample and found that the 16S rRNA gene sequence of the isolate was related to those of members of the genus Zooshikella. The present study was carried out to clarify the taxonomic position of this bacterial strain.
JC333
T was characterized by a polyphasic taxonomic approach. JC333
T was isolated from a beach sample (Fig. S1 , available in the online Supplementary Material) collected from Shivrajpur-Kachigad beach, near Dwarka, Gujarat, India (GPS location of the sample collection site: 228 3319 N 688 951 9E) on 23 December, 2014. A 1 g sample of dry soil was serially diluted [10-fold dilution in saline (0.9 % NaCl)] and plated on a medium (pH 7.0) containing (g l 21 ) yeast extract (0.5), peptone (0.5), casein enzyme hydrolysate (0.5), glucose (0.5), water-soluble starch (0.5), K 2 HPO 4 (0.3), MgSO 4 . 7H 2 O (0.05), sodium pyruvate (0.3) and NaCl (2.0). Three distinct colony morphologies were observed for plates incubated at 30 8C for 3 days. Of note were pinkish red colonies with a greenish metallic sheen which were thus purified by subsequent streaking on the same medium. The purified isolate was designated strain JC333 T and the strain was preserved as (20 %, v/v) glycerol stocks and stored at 4 8C. The purified culture was grown in liquid medium in conical flasks (500 ml) with shaking (160 r.p.m.) for chemoheterotrophic growth. For routine culturing and for physiological tests, JC333
T was grown at pH 7.4 and at 30 8C in Zobell's marine broth (MB) or marine agar (MA) medium.
Genomic DNA was isolated and purified by the method described by Marmur (1961) . The G+C content of the DNA of JC333 T as determined by HPLC (Mesbah et al., 1989) was 40.5 mol%. Cell material for 16S rRNA gene sequencing was taken from a well-isolated colony and the gene was PCR-amplified and sequenced as described previously (Ramaprasad et al., 2015a) . Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using EzTaxon-e BLAST analysis (Kim et al., 2012) . Ez-Taxon-e BLAST analysis of a 1461 bp length of the 16S rRNA gene indicated that JC333
T is phylogenetically related to the members of the genus Zooshikella with its closest relatives being Z. ganghwensis JC2044 T (99.24 % similarity) and 'Zooshikella rubidus' S1-1 (99.20 %) and it had less than 91.94 % similarity with other members of the Gammaproteobacteria.
16S rRNA gene sequences were aligned using the SILVA incremental aligner (SINA; http://www.arb-silva.de) and the MEGA 6 (Tamura et al., 2013) software was used for phylogenetic analyses. For reconstructing neighbourjoining (NJ), maximum-likelihood (ML) and maximumparsimony (MP) phylogenetic trees the following statistical methods were used. For NJ, the Kimura two-parameter model (Kimura, 1980) , uniform rates and pairwise deletion was used. For ML, the Kimura two-parameter model with uniform rates and the heuristic search algorithm nearestneighbour-interchange with complete deletion was used. For MP, subtree-pruning-regrafting as heuristic algorithm with complete deletion was used. The combined phylogenetic tree (NJ, ML, MP) confirmed the clustering of strain JC333
T with members of the genus Zooshikella (Fig. 1 ).
DNA-DNA reassociation between strains was determined using a membrane filter technique as described previously (Chakravarthy et al., 2012; Seldin & Dubnau, 1985) . When strain JC333
T was labelled radioactively, the mean level of DNA-DNA reassociation with Z. ganghwensis KCTC 12044 T (5JC2044 T ) was 19¡1.3 % (reciprocal 21¡2.2 %; Fig. S2 ). Based on the hybridization results, strain JC333 T represents a novel species according to recommendations for delineating a bacterial species (Stackebrandt & Goebel, 1994; Wayne et al., 1987) . Z. ganghwensis KCTC 12044
T was used for comparative taxonomic analysis.
Under a light microscope (BH-2; Olympus), cells of strain JC333 T were rod-shaped, 0.6-0.8 mm wide and 1.8-3.5 mm long (Fig. S3 ). Flagellar motility was observed under the microscope and was confirmed by the hanging drop method. Growth was measured turbidometrically at 700 nm in a colorimeter (Systronics). Growth at pH 5-11 was determined in MB by using the following buffer systems: pH 5-8, 0.1 M KH 2 PO 4 /0.1 M K 2 HPO 4 ; pH 9-11, 0.1 M NaHCO 3 /0.1 M NaOH. Growth of strain JC333 T occurred between pH 6.0 and 9.0 and the optimal pH was 8.0. NaCl was required for growth (optimum 2 %, w/v) and the strain tolerated up to 8 % (w/v), while Z. ganghwensis KCTC 12044 T (optimum 4 % w/v) could tolerate up to 7.0 % NaCl. Temperature (4, 10, 15, 20, 25, 30, 35, 40, 45 and 50 8C) ranges for growth were examined in MB and growth was observed at 15-40 8C, with an optimum of 30 8C, while Z. ganghwensis KCTC 12044
T has a growth range of 15-45 8C with the optimum at 37 8C.
Chemolithoautotrophy [aerobic, in the dark dark, with Na 2 S 2 O 3 . 5H 2 O (1 mM) as the electron donor and NaHCO 3 (0.1 %, w/v) as the carbon source] and fermentative growth [anaerobic, in fully filled screw-capped test tubes, in the dark, with pyruvate or glucose (0.3 %, w/v) as fermentable sugars] could not be demonstrated. Chemoorganoheterotrophic growth on various organic carbon sources was tested as described previously (Yurkov et al., 1994) and growth occurred with a number of organic carbon substrates (Table 1). JC333 T utilized cellobiose,
Zooshikella marina JC333 T (LN846833)
Zooshikella ganghwensis JC2044 T (AY130994)
'Zooshikella rubidus' S1 -1 (FJ217962) (Table 1) .
Vitamin (biotin, niacin, p aminobenzoic acid and vitamin B 12 ) requirements were tested (Yurkov et al., 1994) by replacing yeast extract in the medium with glucose (0.1 %, w/v) and filter-sterilized solutions of vitamins. Both JC333 T and Z. ganghwensis KCTC 12044 T had no requirement for added vitamins for growth; however, growth yields improved with addition of yeast extract (0.01 %). Different biochemical tests such as hydrolysis of starch, casein and gelatin, indole production, and oxidase and catalase activity were carried out in the prescribed media as described previously (Yi et al., 2003) . Enzyme activities were tested using an API ZYM kit according to the manufacturer's instructions (bioMérieux). Each strain showed a characteristic pattern with the API ZYM test system (Table 1 ). In the API ZYM test strip, both JC333 T and Z. ganghwensis KCTC 12044
T were positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase but negative for lipase (C14), trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase and a-fucosidase activities. Strain JC333
T could not hydrolyse gelatin, cellulose, casein or starch. Only gelatin was hydrolysed by Z. ganghwensis KCTC 12044
T . Both the strains were positive for catalase and oxidase activities.
Sensitivity to different antibiotics was tested after spreading cells on MA medium (incubated for 7 days at 30 8C) using ready-made sensi-discs (HiMedia) with varying amount of antibiotics. Strain JC333
T was sensitive to cephalothin, carbenicillin, tetracycline, clindamycin, amikacin, chloramphenicol, streptomycin and gentamicin but resistant to penicillin, augmentin and vancomycin. Strain JC333 T differs from Z. ganghwensis KCTC 12044 T in being resistant to penicillin and augmentin.
Cell suspensions of JC333
T were pinkish red. The pigment composition of JC333 T and Z. ganghwensis KCTC 12044 T was determined by C18-HPLC and LC-MS/MS analysis (Lee et al., 2011) after extraction into acetone/chloroform/methanol (6 : 3 : 1). The crude pigment extract was further purified using a silica 60 (Merck) column and eluted with chloroform/methanol (18 : 1, v/v) with increased concentration of methanol. Prodigiosin and cycloprodigiosin were identified as the major pigments of JC333 T (Fig. S4) . 
respect to the production of cycloprodigiosin and eight prodigiosin analogues. Six of the prodigiosin analogues of strain JC333 T are similar to those previously reported by Lee et al. (2011) , while two novel analogues, 2-methyl-3-dodecyl prodiginine (422 m/z) and 2-methyl-3-tridecyl prodiginine (436 m/z) are additional.
Hopanoids were extracted as previously described (Tushar et al., 2014) from 0.2 g of lyophilized cells of JC333 T and Z. ganghwensis KCTC 12044
T . Cells were sonicated and extracted twice with 10 ml methanol/dichloromethane (DCM)/water (10 : 5 : 4, v/v) and the pooled supernatants were finally extracted with DCM. The organic phase was collected and evaporated to dryness, and the extracted lipids were dissolved in 1 ml DCM. The hopanoids extract was acetylated using acetic anhydride/pyridine (1 : 1) incubated for 30 min at 80 8C. Acetylated extract was analysed by GC-MS (Agilent 7890). Hopanoids could not be detected in either strain.
Cells grown in MB medium were harvested when growth of the cultures reached around 70 % of the maximal optical density (exponential growth phase) and used for analysis of cellular fatty acids, polar lipids and quinones, which was done as described previously (Ramaprasad et al., 2015b) . Major (.5 %) fatty acids were C 16 : 1 v7c/C 16 : 1 v6c, C 16 : 0 , C 18 : 1 v7c and C 12 : 0 with minor (.1 to ,5 %) amounts of C 12 : 0 3-OH, C 13 : 0 , C 14 : 0 and C 18 : 1 v9c. The differences in the fatty acid profile of JC333
T with regard to Z. ganghwensis KCTC 12044 T are shown in Table S1 .
Diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), an aminophospholipid (APL) and an unidentified lipid (L1) were the polar lipid identified in strain JC333 T (Fig S5) . Strain JC333 T differs from Z. ganghwensis KCTC 12044
T with regard to the presence of aminophospholipid (APL) and an unidentified lipid (L1) and the absence of unidentified phospholipids (PL1 and PL2). Q-9 is the major quinone in both the strains.
The genomic distinction of strain JC333
T from its closest phylogenetic neighbour Z. ganghwensis KCTC 12044 T is well supported by the phenotypic traits, including cell size, organic carbon source utilization, antibiotic susceptibility, gelatin hydrolysis and fatty acid composition together with differences in polar lipid profile; indicating that strain JC333
T represents a novel species of the genus Zooshikella for which we propose the name Zooshikella marina sp. nov.
Description of Zooshikella marina sp. nov.
Zooshikella marina (ma.ri9na. L. fem. adj. marina of the sea, marine).
Grows best on MA and R2A agar (with 2% NaCl). Colonies on MA are irregular, raised, glistening, opaque and viscid, with lobate margins, pinkish red (with greenish metallic sheen), about 0.4 mm in diameter after 36 h on MA at 30 uC and reach the maximum diameter of 1 mm after 5-7 days. Cells are Gram-stain-negative, motile, straight rods that occur singly and in pairs, strictly aerobic and non-spore-forming. Optimum growth occurs at 30 uC. Growth occurs from 15 to 40 uC. NaCl is required for growth (optimum 2%, w/v) and up to 8% (w/v) is tolerated. Major pigments are prodigiosin and cycloprodigiosin. Optimal growth occurs at pH 8.0 (range pH 6.0-9.0). Catalase and oxidase are positive. Starch, urea, casein, cellulose and gelatin are not hydrolysed. Addition of vitamins is not required for growth. According to the API ZYM enzyme assay, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase but negative for lipase (C14), trypsin, a-mannosidase, N-acetyl-b-glucosaminidase, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase and a-fucosidase. , was isolated from a beach sample. The DNA G+C content of the type strain is 40.2 mol% (by HPLC).
